Abstract: This work explores theoretically the possibility of using a simple pulse mode parallel plate gas ionization chamber, having no Frisch grid, both for energy estimation and Z-identification of moderate energy light heavy ions. A mathematical expression for the energy of a heavy ion that enters into the ionization chamber through the cathode window and gets stopped in
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II. Energy of the heavy ion stopped in the ionization chamber 2.1. Assumptions
The theory which may enable one to use a simple PMPPGIC for "estimating energy and Zidentification of heavy ions" is based on the following assumptions: 1) "The pressure of the gas and the strength of the electric field" in the ionization chamber are of such values that a) the electron mobility (µ e ) is about1000 times larger than the ion mobility (µ i ), b) the possibility of ion-electron recombination is negligible, c) the plasma erosion time is negligible and d) the diffusion of electrons and positive ions during the electron collection period is negligibly small.
2) The gases in the ionization chamber are free from electronegative impurities which have large cross-sections for capturing electrons to form negative ions. So, electrons only are responsible to form the negative charges.
3) The gases in the ionization chamber are distributed homogeneously. 4) The heavy ion enters the sensitive volume of the ionization chamber through a very thin cathode window and loses its full energy in the sensitive region of the chamber mainly by creating electron-ion pairs. The probability that the heavy ion suffers range scattering in the gas is very much less and the ionization track remains almost straight in turn. 5) The created electrons and ions are distributed along the track of ionization in an identical pattern and symmetrically around the track of ionization. As a result the centroid of the electrons is in coincidence with that of the ions at the beginning. 6) The symmetrical nature and the distribution pattern of both electrons and ions remain unchanged as long as none of the electrons or ions has reached the electrodes. 7) The charge collection time constant is such that the collected pulse reflects only the electron drift.
(The assumptions at serial nos. 1), 2) & 7) are the conditions normally encountered in a pulse mode gas ionization chamber.)
Derivation of the expression of energy
Let us consider a PMPPGIC whose anode surface is represented by x=0 plane and the cathode surface is represented by the x=w plane (Fig. 1) . w is the distance of separation between the two parallel electrodes. The direction of electric field between the two electrodes is parallel to the x-axis. The magnitude of the same is given by F=V/w (1) where V is the bias voltage applied between the two electrodes.
The heavy ion enters the sensitive volume of the ionization chamber through a very thin cathode window and loses its full energy therein mainly by creating electron-ion pairs. And the track of ionization originated from the cathode window makes an angle with the electric field direction. Electrons and positive ions created along the ionization track of the heavy ion move in opposite directions under the influence of the electric field. The drift velocities of the electrons (v e ) and the positive ions (v i ) are given respectively by where p is the gas pressure in the ionization chamber. At low values of F/p (which are normally encountered in a pulse mode gas ionization chamber) the order of magnitude of the electron mobility for most of the gases is 10 6 (cm/s) (V/cm) -1 torr which is around 1000 times higher than that of the positive ion. As µ e ≈ 1000µ i , the ions may be taken to be at rest during the electron collection period. In an ionization chamber, for which w=40cm, ions traverse a negligible distance of 0.4mm (approx) during the electron collection period. So, during the electron collection period the positive ions are effectively at rest. It is important to mention that the electron drift velocity in a pulse mode ionization chamber is normally maintained in the range from 5 to 6 cm/µs in the interest of having fast time response.
The electrons and ions created at x=w may be named first electrons and first ions respectively. Let R c be the distance between the centroid of the first electrons (CFE) and the centroid of all the electrons (i.e., the centroid of the created electron cloud). Since most of the tracks of heavy ions are supposed to be straight (unlike the light ions), the angle of orientation of R c may be taken to be equal to the angle of incidence. The centroid of the electrons is in coincidence with that of the ions at the beginning. R c may be named mean distance of electrons or ions from the entrance window at the beginning. Let us assume that at time t=0 the centroid of the electrons just starts getting separated from that of the ions under the influence of the electric field. Since the pattern of the distribution of electrons remains unchanged, the value of R c and its three dimensional orientation remains unchanged as long as none of the electrons has reached the anode. At time t (where 0≤ t ≤ w/v e ) the position ( Fig. 1 ) of the CFE is given by x 1t = w -v e t (3) In accordance with Ramo"s Theorem [5] the expression of the charge induced Q te on the anode by the electrons, as long as none of the electrons has reached the anode, can be written as
where e q is the electronic charge, N is the total number of electrons created, n x is the distance of separation of the n th electron from the anode when the distance of separation between the CFE and the anode is t
, if E is the energy of the ionizing heavy ion and  is the average energy required to form a free ionelectron pair.
The magnitude of the position vector D of the centroid of all the electrons is given by
where d is the distance of the centroid of all the electrons from the x-axis. From Eqs. (4) and (5) Thus it appears that the expression of the charge induced by the electrons on the anode, as long as none of the electrons has reached the anode, consists of two terms the first one of which increases linearly with time whereas the rest one remains invariant with respect to time. The correctness of Eq. (7) from physical point of view can be understood once the charge, induced by the ions, is considered also simultaneously.
According to Eq. (3), x 1t = w when t=0. So, at time t=0 the charge induced Q 0e by the electrons on the anode, found from Eq. Since the displacement of the positive ions during the electron collection period is negligible, the charge induced Q ti by the positive ions on the anode at any time t (where 0≤ t ≤ w/v e ) can be found by replacing x 1t and q e by w and q i (ionic charge) respectively in Eq. (7) and the same is given by
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The total charge induced at time t (where value of t is such that none of the electrons has reached the anode) by the electrons and the ions, found by adding Eq. (7) to Eq.(7.2), is given by (8) Eq. (8) states that, as long as none of the electrons has reached the anode, the shape of the signal depends only on the number of electrons produced, i.e. the energy of the incident heavy ion. Another important outcome to be noted is that the value of E does not depend on the angle of incidence. Thus it may be possible to estimate the energy of the heavy ion by measuring the height that the preamplifier pulse reaches at a pre-calculated time during the pulse rise time, provided that none of the electrons has reached the anode within the pre-calculated time.
The condition under which Eq. (8) holds good implies that the value of x 1t should be greater than R, the range of the incident heavy ion. The larger the value of R the larger will be the required value of x 1t . But, E t decreases with the increase of x 1t in accordance with Eq. (8) . The measurement of E t with good accuracy may not be possible if its value is very low. So, the value of x 1t is to be chosen suitably.
Elimination of the pulses generated from the heavy ions of range greater than
Every incident heavy ion, irrespective of its range, is supposed to yield a value of E t . But, only such values of E t as correspond to the heavy ions of range less than x 1t are acceptable. So the detector system is to be organized in such a way that all such values of E t as correspond to the ranges that are greater than x 1t get rejected automatically. 
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Where FWHM in keV represents the spread caused by "electronic noise". represents the "Gaussian Distribution predicted" probability that an experimental value of r will be confined to the range r ± S σ r . In a given experimental condition a pulse for which r is not confined to the predicted range is to be rejected. 
III. Identification of heavy ions
During the electron collection period t a = w/v e the created electrons will be getting collected at the anode. So the total electronic charge accumulated on the anode at the end of the electron collection period will be q e N. Since the displacement of the positive ions during the electron collection period is negligible, the charge i t a Q induced by the positive ions on the anode at time t a will be the same as that given by Eq. (7.2). So the total charge on the anode at time t a will be given by 
If the angle of incidence be zero, the expression for the electron collection pulse height will be given by
(11.1)
Eq. (11.1) states that the integrated signal depends on the mean position of the electrons (or ions) generated along the track of ionization and the energy of the heavy ion when the angle of incidence is zero. The value of R C obviously depends on the pattern of the distribution of the generated ion-electron pairs along the track of ionization. The Bethe-Bloch formula for non-relativistic heavy ions yields that for a given initial energy such distribution pattern depends on the identity of the heavy ion. So the value of R C represents the identity of a heavy ion at a given energy. Thus, for a given energy, the value of R C will be different for different type of heavy ions. The expression for R C , found from Eqs. (8) and (11), is given by
Thus by measuring t E and a t E it may be possible to plot E versus R C for a given incident angle. Different curve, in the E versus R C diagram for a given angle, is supposed to represent different type of heavy
The possibility of using a simple pulse mode parallel plate gas ionization chamber, without Frisch www.iosrjournals.org 33 | Page ions. Thus the identification of heavy ions with the help of a simple PMPPGIC, based on electron collection, is expected to be possible. In the experiment one has to measure E t and E ta for each pulse and plot E versus R C cosθ for identification purpose. It can be shown relevantly that starting with an empirical range-energy relation of type R =aE b one can derive the basic formulas given by Eqs. (8) and (11.1). For this type of empirical relation one finds that R C = (b/ (1+b)) R. Since the relation between R c and R is linear, the plot of E versus R c may be a substitute for the plot of E versus R.
IV processed by means of standard analog method followed for energy measurement. Then the evaluation of E and R C will enable one to plot E versus R C for heavy Z identification.
By means of digital sampling and software based processing techniques
It may be possible to measure the pulse heights t E and provided by a digitizer introduces a natural time scale whose each division is equal to the sampling period. So the pulse clipping times may be expressed in terms of sampling periods. Here, it is necessary to measure each signal always at the same precise times t and t 1 with respect to a reliable start time (i.e. we should have a reliable trigger which starts the digitization). From the physical point of view the start time is supposed to be approximately common for all the ions under identical experimental situation, but owing to the unavoidable electronic noise the start time will appear to have fluctuations. (To avoid any confusion it may be relevantly pronounced that the start time is not the time at which the ion enters the chamber. It is the time at which the centroid of the electrons just starts getting separated from that of the ions under the influence of the electric field, i.e. it is the point of time at which the pulse starts getting built up. ). Now our aim is to determine the start time of the digitized pulse without which clipping a pulse is not possible.
Determination of the start time of the digitized pulse and maximum possible start time error
The height of the pulse at the start may be a clue for determining the start time. At the start the height of a given pulse should be zero. But, owing to the presence of electronic noise the height remains uncertain. So, it is necessary to choose justifiably a height -which may be named "reference height" -very close to most of the possible heights at t=0. The value of the reference height should be so chosen that the start time can be proved to be confined to a well defined small span of time.
Now the height which 99% of the detector pulses, corresponding to a given energy E, will reach at time t during the pulse rise time is confined to the range
where the 1 st term comes from Eq.(8) and σ RMS is the RMS electronic noise which is required to be determined before the start of the experiment. At t=0 the value of E t will be confined to the range ±2.58σ RMS 
where  is the sampling period of the digitizer. From (b) and (c) it is found that  > t ref . If the value of E goes below a certain low value, the condition (c) will no more hold good, for a given value of.
When the reference height is equal to 2.58σ RMS and  > t ref , one may evaluate the start time in the following way:
The lowest digitized value of E t -for which (E t ─2.58σ RMS ) > 0 -may be taken to be the second sample of digitized pulse. Since this E t , which may be named
, is the lowest but getter than 2.58σ RMS , the digitized value of
(which is the digitized value of the sample just prior to the second sample) will obviously be either equal to or less than 2.58σ RMS , in accordance with the inequality (c). Hence the digitized value of ends. Now, the software may be organized to find out the lowest valued sample for which (E t ─2.58σ RMS ) > 0 and the same may be taken as the second sample of the digitized pulse; and the sample just prior to this will be taken as the first one. If w=40 cm, FWHM of electronic noise=30keV, v e = 5.5cm/µs, S=2.58 and the lowest energy of the incident heavy ions (E lowest ) =20MeV, the value of  should be greater than 24ns as per the inequality (c). A digitizer of sampling period 25ns (i.e. a sampling frequency of 40 Msamples/s) may be used in this situation. Here the value of S is taken as 2.58 in view of that, for 99% of the pulses corresponding to a given energy, the start time can be determined with an error less than ±25ns. For a given set of w, v, S and E lowest the lower the electronic noise the lower will be the required sampling period; again, the lower the sampling period the lower will be the error in determining the start time. Software based digital signal processing normally does not introduce any additional noise contribution. So the analog portion of the electronic chain is the only source of electronic noise. Therefore, the electronic noise generated by the analog portion of the electronic chain is one of the factors to decide the sampling period of the digitizer to be used. For 15keV electronic noise the value of  may be around 15 ns.
The clipping time t, if expressed in terms of sampling periods, will appear as t=n i  + n f , where n i is an integer and n f is a fraction. The pre-calculated value of the clipping time is to be adjusted to eliminate the fractional part n f . For a given pulse (corresponding to a given energy) the error, if exists, in determining the start time may appear as +k 1  or ─k 2 , where k 1 and k 2 are fractions ( Fig. 2.1 ). In some situations k 2 only may exist. Fig. 2.2 shows a situation in which the start time error does not occur. Then the clipping time for a given pulse should ideally be written as t=n i  + k 1  or t=n i  ─ k 2  in general. Since the values of k"s are not known, one may clip at t=n i  (with respect to the determined first sample of the digitized pulse) with an expected error of value either + k 1  or -k 2  for a given energy. Thus the "start time error" gets incorporated in the pulse clipping time.
The error in the clipping time causes an additional error in the value of E, besides the errors caused by electronic noise, the charge production statistics and such other factors as may be associated unavoidably. A little study of Fig. 2 .1 yields that for a given energy (k 1 + k 2 ) ≤1. When both the k"s are nonzero the probability of occurrence of +k 1  and ─k 2  may be taken to be equal because of the randomness of electronic noise. So the mean of the clipping time will be 2 / ) ( . Now, the expression of standard deviation σ t (found using Eq. (8)) associated with E as a result of aforesaid uncertainty in the clipping time t, may reasonably be given by Pulse Height in keV ±2.58σRMS
Pulse Height in keV
The possibility of using a simple pulse mode parallel plate gas ionization chamber, without Frisch www.iosrjournals.org 36 | Page than the defined reference height, which is 2.58σ RMS . So the sample at 25 ns, which is just prior to the second sample, will be the first sample of each pulse. Thus this figure shows the possibility of occurrence of no start time error.
From the sets of three "digitized and processed" pulses corresponding to a t E , t E and 1 t E the software is organized to accept only those sets for each of which the ratio r is confined to a pre-estimated range r ± S σ r (as discussed in Sub-section 2.4) i.e., the software has to do the job of accepting the pulses of all such heavy ions as are of range less than x 1t . Then the software may be further organized to calculate the values of E and R C and plot E versus R C for heavy Z identification. If the sensitivity of the charge sensitive pre-amplifier be 1µV/electron-ion pair, the value of 0 c for P-10 gas may be taken to be 37.87mV/MeV. It is claimed (by SRIM itself) that the range of a heavy ion found by SRIM calculations is accurate, usually, within 5% of the actual experimental value. Assuming this claim of accuracy to be true one may estimate, from Eq. (11.1), the value of a t E taking R C to be a fraction of the SRIM calculated range. In the calculation it has been assumed that R C = 0.7R, where R represents the estimated range. It is assumed that the detector of interest is made of P-10 gas and its very thin entrance window of thickness 1µm is made of aluminized Paralene-C. Tables 2.1 
V. Estimated results

Estimation of the values of
E versus R c plots for the identification of moderate energy light heavy Z
Now we consider the situation in which our proposed preset pulse clippers [4] have been used for clipping pulses. In Fig. 3 the thick lines represent expected E versus R C (taking the data from Tables 2.1 and 2. 2) plots for a number of different types of light heavy ions of moderate energy when the angle of incidence is zero. The dotted/thin lines in Fig. 3 represent the expected E versus "projection of R c " plots when the angle of incidence is 15 º . When the angle of incidence is θ, the projection of R c may be denoted by R c (θ). In experiment R c (θ) is to be calculated from Eq.(12) obtaining the experimental value of E t and a t E . R c (θ) decreases with the increase of θ. Thus for a given type of heavy ions different dotted line for different angle of incidence is expected to appear. And, as θ increases, the separation between the thin and the dotted lines increases for a given type heavy ion. The possibility of using a simple pulse mode parallel plate gas ionization chamber, without Frisch www.iosrjournals.org 38 | Page It is natural that a normally incident ion beam must have an incident angular distribution. Because of this angular distribution one is supposed to get a dotted band instead of a line for each type of heavy ions in the E versus R c diagram. Fig. 3 represents a situation in which the incident angular distribution is confined to the range from 0 º to 15 º . This angular distribution causes R c (θ) to vary; for example, for 32 S ions of energy 300MeV, the values of the projected R c varies from 173 to 179mm. Since in the present situation each band is well separated from the subsequent band, heavy ions of different Z-values can be distinguish. A study of the heavy ion trajectories, found by SRIM calculations, convinces us that for a normal incidence (i.e. when the incident angle of the beam is 0 º ) the incident angular distribution is almost confined to the range from 0 º to 5 º . So in a real experiment the separation between any two subsequent bands is expected to be good for the purpose of Z identification. Here it may be relevantly said our expectation is confined to the Z-identification only.
The estimated fluctuations, in the form of standard deviation, associated with the values of E and R c (θ) are depicted in the plots. The total energy resolution of the ionization chamber may be written as: 
The following values may relevantly be assumed in estimating (FWHM) . At 20, 100 and 300 MeV the estimated values of (FWHM) statistical are 0.22%, 0.1% and 0.06% respectively. It may not be possible to estimate theoretically the values of (FWHM) other-sources . However, it may be reasonable to assume (FWHM) total to be 1%; because for fission fragments and heavy ions typical energy resolution figures found in different gas detectors are about 1% [7, 8] . The possibility of using a simple pulse mode parallel plate gas ionization chamber, without Frisch www.iosrjournals.orgSince the incident angular distribution and fluctuations in E and R C (θ), caused by the factors said above, are not avoidable, there will be a dotted band in the E versus R C diagram for each Z-value. It is relevant to mention further that the estimated variation of R C (θ) for a given θ exhibits the phenomena of range straggling, which is defined as the fluctuation in track length for individual ions of the same initial energy. Now we consider the situation in which we adopt the digital sampling and software based processing techniques in place of using the proposed preset pulse clipper. In this situation, if the maximum value of σ t , as discussed in Sub-section 4.2.1, is taken into consideration, it may be reasonable to expect that σ overall which may be given by 2 2 t total overall      will be less than 0.7% of the heavy ion energy when  = 25 ns and will be less than 0.55% when  = 15 ns.
Error in the estimated E caused by the movement of ions
Since v e ≈ 1000 v i , the movement of the ions during the electron collection period is ignored in deriving the expression of energy E, given by Eq. (8) . But in reality in time t, given by Eq. (3), the ions traverse an extremely small distance (w -x 1t ) / 1000 towards the cathode; and in the present case this distance is only 0.12 mm as w=400 mm and x 1t =0.7w. The ion movement, if taken into account, will change the expression of Q ti , given by Eq. (7.2), to
, where N  represents the numbers of ions which have reached the cathode in time t and  R C represents the reduction in R C of the ion cloud at time t because of the arrival of the N  ions at the cathode. The modified expression of Q ti when added to the expression of Q te , given by Eq. (7), 1000 1 ) ( (15) E err(ion) is to be subtracted from the value of E (yielded by Eq. (8), the working relation) to take the effect of ion movement into consideration. Fig. 4 gives the estimated percentage error versus E plots for all the different types of heavy ions that appear in Tables 2. The variation of the percentage error with E is confined to a very small range of span less than 0.1%. So, it is obvious that E err(ion) versus E plot for each type of heavy ions will be linear, which implies that E err(ion) is almost directly proportional to E. In a real experiment it may be possible to estimate the values Because of the movement of ions, the ratio E t / E t1 (i.e., r) will increase by an order 10 -4
. Such a small change will not prevent the values of r to remain confined to the ranges r ± S σ r estimated in Table 1 . So the effect of the movement of ions on the values of r may be taken to be nil.
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Error in the estimated E caused by the diffusion of electrons
In deriving Eq. (8) it is assumed that the diffusion of electrons and positive ions is negligibly small. But in reality the effect of longitudinal electron diffusion cannot be neglected though it is very much small. In an ionization chamber, over a period of few microseconds that is typically required for the electrons to reach the anode, the diffusion of electrons in either direction (i.e., longitudinal or transverse to the electric field) might be of the order of one millimeter or less [9] .
Since the created electrons are distributed symmetrically around the track of ionization, the transverse diffusion will cause an extremely thin symmetrical expansion of the electron cloud around the track of ionization. Since the expansion is symmetrical and transverse to the electric field, the magnitude of R c of the electron cloud is not supposed to change. In addition to this, since it is a matter of transverse diffusion, the possibility of any additional longitudinal motion does not arise. So, it is expected that the transverse diffusion will not change the value of x 1t . But, owing to longitudinal diffusion the electron cloud as whole will get a minute motion, in the direction opposite to the electric field, in addition to the drift motion. This additional minute motion causes x 1t to be replaced by x 1t -δ t , where δ t stands for the addition displacement of the electron cloud towards the collecting electrode at time t. Then the modified form of Eq. (8), taking the longitudinal diffusion of electrons into consideration, is given by 1 1 Here (E err(ion) /E) is the only factor that varies with E. But the variation as shown in Fig. 4 is confined to a very small range of span less than 0.001. So this factor also may be taken to be invariant. Thus E t remains almost proportional to E. This proportionality does not depend on the angle of incidence and the type of the heavy ion; hence it gives a scope to use a simple PMPPGIC, without Frisch grid, for estimating the energy of heavy ions.
In an ionization chamber which is operated at a pressure less than one atmosphere and under a suitable electric field [10] , normally encountered in pulse mode gas ionization chambers, the probability of recombination between electrons and positive ions is extremely small and the electron drift velocity is negligibly
The possibility of using a simple pulse mode parallel plate gas ionization chamber, without Frisch www.iosrjournals.org 41 | Page influenced by the positive ions. Because of the low recombination probability the effect of pulse height defect, caused by recombination, is not expected to be much significant. Hence it may be expected that this proportionality is applicable to a wide range of Z-values. Eq. (11) can"t be used for Z-identification of heavy ions unless the ionization tracks remain almost straight. So, this method of identification may not work in light ions (Z=1, 2) or very light heavy ions because of the large probability of range scattering. A study of the ion trajectories (in P-10 gas at pressure 600 torr), constructed with the help of SRIM 2008 calculations, yields that the possibility of range scattering tends to be insignificant from Z=7 onwards.
Eq. (11) remains valid irrespective of whether the heavy ion shows any deviation from its straight track. Because c R gives the centroid of all the ions or electrons generated by the ionizing heavy ion. But, this equation cannot be used for the identification of the heavy ion if the track of ionization does not remain almost straight. Since in the case of heavy ions almost all of the tracks are supposed to be straight (unlike the light ions), the angle of incidence has been taken to be the same as the angle that c R makes with the x-axis.
At a given initial energy the pattern of the distribution of the generated ion-electron pairs along the track of ionization depends on the identity of the heavy ion. The position of the centroid of the electrons or ions generated along the track of ionization depends obviously on the distribution pattern. The Bragg peak region, which is a part of the ionization track, contributes largely towards forming the pattern of the distribution. So the Bragg peak region of the track contributes towards setting the position of the centroid.
The Bragg peak occurs immediately before the moment at which the ion comes to rest. Because of very low speed at the Bragg peak region it may be possible that the heavy ion gets deviated from its straight track just at the end of its path. Also, because of very low speed the length of the deviated portion of the ion track is supposed to be very much small compared to the rest straight portion of the ion track. The heavy ion trajectories plotted using SRIM calculations depict the smallness in length of the deviated portion, if occurs. And this smallness causes the position of the centroid of the ions or electrons, generated along the deviated portion only, to remain very much closed to the straight portion of track. As a result the position of the centroid of all the electrons or ions generated along the whole ionization track either remains almost unchanged relative to -or experiences an extremely small shift from -the centroid of an identical ionization track that has experienced no deviation at the end. So the values of the projected R c are expected to be confined to the spans estimated in Fig. 3 .
VII. Conclusion
We shall not compare this technique of "Z-identification of heavy ions" proposed in this theoretical work with alternative concepts. Instead, we may say that it is a low cost and simple technique and may be applicable to a wide range of Z-values, expectedly from Z=7 onwards.
